Abstract-The wastage of electrical power cannot be over-emphasized in FCT College of Education, ZubaAbuja as many lighting bulbs, street-lights, electrical fans are always ON even when not in use. The college community is characterized by electrical power wastage. However, the motivation for this research was to curtail the electrical power wastage and reduce the high cost of electricity. This research was designed to control ON and OFF time of any electrical appliance connected to its output and could as well be used as a digital clock. The objective of this research was to control the ON and OFF time of air conditioning. The design included a microcontroller (ATMEGA328) that was programmed to achieve the timing operation. The Light Emitting Diode (LED) displayed the ton (Time ON) and the t0ff (Time OFF); four keys set the hour and the minutes; and the relay was activated whenever the time set elapsed, causing the air conditioning to be energized/dis-energized automatically.
I. INTRODUCTION
A switch is a device that interrupts the flow of an electric current in a circuit either automatically or manually. A switch is an electronic device that controls or directs the flow of electric current in a circuit. Typically, a switch allows or disallows the flow of electric current to a connected load. A switch is a binary device that either completely ON (CLOSE) or completely OFF (OPEN) an electrical circuit. There are basically two types of switches. These include mechanical and electronic switches. A mechanical switch makes a physical contact between two metal plates for the current to flow and separate from each other plate to interrupt the flow of current. On the other hand, an electronic switch is a device that switches an electrical circuit, interrupting the current or diverting it from one conductor to another. All mechanical switches are manually operated while electronic switches are automatically operated using a solid state device such as a microcontroller or a microprocessor. Generally, electronic switches are fasters in response than the mechanical switches. Among the electronic switches is a timing switch that controls the flow of an electric current on the basis of pre-set time by the user. A timing switch is an electronic device that controls the connection and disconnection of electrical appliances based on pre-set time. According to Reference [4] a timing switch is paramount in areas where the measurement of time is fundamental to successful operation without unpredictable human input. It is quite evident that for proper organization, events should be done in a specific time (Ref. [6] ). A good timing switch is tasked to activate ON or OFF an event at a pre-defined time. It is quite useful in everyday life. Some advanced electronic timing switches are commonly used for military purposes. A timing switch is of great importance in microwave ovens, computer systems, school laboratory experiments, electrical heaters, to mention but a few.
This research design was involved two fundamental aspects of computer technology; the software design, and the hardware design. It was designed around a microcontroller chip (ATMEGA328). This is a timer that gives adjustable timing controls of appliances' operations. The developed time switching (TS) system turned AC load ON or OFF with preset time and it was programmed using C programming language. According to Reference [7] C programming language as one of the high-level programming languages has now become a widely used professional language for various beneficial values. These values include: easy to learn and write, use English-like words and symbols, structured language that is problemoriented, it produces efficient programs, it can handle low and high-level activities and it can be compiled on a variety of computer platforms.
The uniqueness of this switching system using ATMEGA328 microcontroller was in its functionalities to automatically switch ON an initially OFF electrical 
II. RESEARCH MOTIVATION

A. Statement of the Problem
It has been observed at FCT College of Education, Zuba community that government officers leaving office's electrical appliances such as fans, airconditioning (AC), refrigerators, television set and radio set ON after closing hours. This poor attitude had cost the institution millions of naira to settle the electricity bills and embarrassing the institution as the Power Holding of Nigeria (PHCN) officers disconnected the power supply.
The College community is characterized by electrical power wastage as many lighting bulbs, street-lights, electrical fans are always ON even when not needed. It is on these identified problems that this research focused on the design and implementation of a time switching (TS) system using the ATMEGA328 microcontroller. The time switching (TS) system had the capability to control the ON and OFF states of any electrical appliance connected to its output based on the pre-set time.
B. Research Justification
This research would help:
1. Graduates would be creative and self-employed, 2. Generation revenue to the government as youths that have electronic shops selling the developed time switching system is taxed; 3. The problem of electrical power wastage could be tackled successfully, 4. The cost of electricity bill payment by powering the appliances OFF when not in use would be solved.
C. Research Objectives
The specific objectives of this research are to:
1. design of a time switching (TS) system using an atmega328 microcontroller 2. implement the designed time switching system 3. test the implemented time switching system III. LITERATURE REVIEW In the system, Reference [3] designed and built a circuit which mainly met the requirement of controlling the house appliances through any remote control device that was portable in the periphery of the room. The system was developed around a microcontroller (89c52) and IR remote transmitter. The developed system was able to control a load of excess energy from a remote area. A password to operate the system was also included. However, missing the remote control and obstruction of the signal were identified as problems to this design. Also, if the users could not remember the password, how to control the electrical load and prevent electrical power wastage becomes a problem. However, this new time switching system has the capability to store the pre-set time in an ATMEGA328 memory, and there was no problem of signal obstruction.
In Reference [2] a switching system was developed. The aim was to control electrical home appliances like fan, electric bulb using clap. A PIC18F2550 microcontroller and Adafruit TPA2012 (audio amplifier) were used to receive an input command from the users through a clap to control the electrical appliance. The developed system was able to control an electrical appliance. There was the likelihood of forgetting to clap so as to switch OFF the electrical appliances after use. Also, the PIC18F2550 microcontroller consumes more power and generates more heat than the ATMEGA328 microcontroller. However, the developed switching system would not require a clap rather it would operate the electrical appliance based on the pre-set ON and OFF times by the users.
According to Reference [5] energy consumption especially electricity was considered one of the most serious problems in households these days. It was because the amount of electricity consumed was more than the amount people actually need. This meant that there was an overuse of electricity which resulted from the inconvenience of moving to the switch to turn OFF the lighting point or any appliances and it was often that closing the light was forgettable. Reference [5] developed a switching device to turn appliances ON and OFF through the Internet on smart devices such as smartphones and tablets. The result indicated that the system was very effective with an uninterrupted connection. However, the system was ineffective where there were Internet connectivity problems and was not cost effective as smartphones are not cheap. This developed time switching system was cheaper than Reference [5] system as an Internet connection would not be required.
Reference [1] designed a microcontroller based infrared (IR) control of home appliances. The device was able to control a load of high power rating from a remote area. Also, any appliance could be made password protected through this design. However, missing of remote control and obstruction of the signal were identified as problems to this design. Also, if the users could not remember the password, how to control the electrical load and prevent electrical power wastage becomes a problem. However, this new time switching system has the capability to store the pre-set time in an ATMEGA328 memory, and there was no problem of signal obstruction.
Reference [8] designed a single phase changeover with security light. The system consisted of a sensing phase, a logic control phase and switch relays to achieve the smooth transition between the main power supply and the auxiliary power supply as well as controlling security lights. The system was tested and results showed uninterrupted power supply to the desired appliances. However, the system of [8] could not control the switching ON and OFF times as desired by the users. The lighting points were still on even not needed causing power wastage. This new time switching system controls both ON and OFF times of any electrical appliance as desired and pre-set by the users. Reference [9] developed an automatic change over switch. In the research, basic electronic components (resistors, capacitor, controller) were used to implement the changeover switch. When there was a power failure from the main supply, the developed system was able to switch ON a standby generator and transfer the electrical load to the generator and vice versa when power was restored. The switching time was calculated and tested to be about 0.88 ms. However, the system of [9] was not technically suitable to solve the problem of power wastage. What happen when the use of generator is not needed? By the design of [9] , a standby generator would frequently switched ON whenever there is no power supply from the main supply. This implies that when power is not needed, a standby generator is ON and power wastage is inevitable. This new design would technically tackle the problem of power wastage in any institution and home as times to operate any connected electrical appliances are controlled by the pre-set or predefined time of users thereby controlling the power supply.
In [11] , a constant power supply was designed and developed to automatically activate a generator when there was no power from the main source while [12] designed and developed a 3-phase automatic changeover system that could detect phase failure and under-voltage thereby changing over to the alternative power supply. In [11] and [12] , there was no time that regulates the operation of the developed system. This new design would technically tackle the problem of power wastage as times to operate any connected electrical appliances are controlled by the pre-set or pre-defined time of users thereby controlling the power supply which could also manually adjusted for specific reason and operation.
In [13] , an automatic changeover and sequential system was developed to eliminate the need for manual changeover by the users while [14] designed and implemented a microcontroller based automatic power changeover with artificial intelligence for automatic switching. There two sensors for public power supply and standby generator. The system was tested with results indicated a change of power supply from public to standby generator. This could not solve problem of power wastage because there was still power supply even when not need. Similarly [15] developed an automatic 3-Phase Selector. The aim of the system was to select a particular phase with electrical power supply. Similarly, [16] developed an Automatic Transfer Switch (ATS) for a Three Phase Power Generator. The electronic components used included an electromechanical relay, voltage monitoring, delay timer and contactors. In [13] , [14] , [15] and [16] , time to operate any electrical load was the major factor to switch ON and OFF. Since, time to operate the electrical load was not considered in [13] , [14] , [15] and [16] , there no way electrical power wastage could be solved. This new research would help in reducing electrical wastage thereby reducing electrical cost which in turn increases income for maximum productivity. In all situations, electrical signals to operate electrical appliances needed to be controlled. This new design would technically tackle the problem of power wastage in any institution and home as times to operate any connected electrical appliances are controlled by the pre-set or pre-defined time of users thereby controlling the power supply.
Reference [10] designed and implemented a three phase change over switch using contactors, phase failure relays and change-over delay mechanism. Experimental results indicated that the system changed from one phase to another phase when there was power supply. However, the system did not solve the problem of power supply as consumption electrical power is inevitable even when not needed. This new research tends to provide solution to the problem of electrical wastage, thereby increasing efficient utilization of power supply through proper management.
IV. RESEARCH METHODOLOGY
The design of this research was fundamentally divided into two categories: hardware design and software development.
A. Hardware Design
The hardware design involved drawing and simulation of relevant electronic components to achieve the stated objectives of this research. However, the block diagram of the research is illustrated in Figure 1 . There were six (6) functional modules in the design: the power supply, controller, the digit display, digit switch, keys and the activation modules. 
1) Power supply module
This module supplied the regulated voltage to energize the microcontroller and other components. It has two supplies i.e. the AC supply and the DC power supply from the battery. The battery acts as a power backup for the AC supply, in case there is a failure from the main source, (i.e. PHCN). The time settings made by the users are secured and protected from loss by a constant supply of power from the backup battery to the memory of ATMEGA328 chip.
An electronic device and circuits such as this time switching system require a direct current (DC) source for their operation. Dry cells and batteries are forms of DC sources. They have the advantage of being portable and ripple-free. However, the voltages are low; these sources need frequent replacement and are expensive as compared to the conventional DC Power supply. The conventional DC power source was achieved from the main source by converting the AC to DC. 
2) Controller module
This module played a vital role in achieving the objective of this design. All signals flowed IN and OUT of the module as they were early shown in Figure 1 . The module accommodated the instructions/codes (programs), coordinated the electrical activities of sub-circuits, thus; it operated the relay in the activation module and sent corresponding timing setting to the output display for visual understanding.
A reset circuitry consisted of resistor and capacitor connected in parallel via RST pin of the microchip. The connection resets the microchip automatically when booting up. However to get a reset time of less than one (1) second the value of the resistor and the capacitor must be carefully selected. Assume R= 5K and C = 10μF, Reset Time T R = RC (1) 5 × 10 3 × 10 × 10 −6 = 5ms
The ATMEGA328 operates based on the external crystal connected to its Xl and X2 as shown in Figure 5 . This means that the ATMEGA328 can execute 1M single-cycle instruction per second. For 2-cycles instruction, the microchip would execute 500,000 instruction/ second.
3) Digit display module
This module displayed the ON or OFF time. It comprised of four seven-segment displays. Any adjustment in time setting was displayed for user's confirmation.
Let calculate the switching current of each transistor connected to the LEDs. Let one segment represents all the 7-segments of each LED as shown below: 
To drive the 7-segment, a maximum of 25mA was required as stated in the datasheet of the manufacturer. Therefore, what value of R S would be suited to drive the 7-segment?
Let l E =25mA Consider the 4-LEDs (7-segments), the maximum current required to drive them can be estimated as; I S(max) = 4 × l s = 4 ×174.7375 = 698.95mA
4) Digit switch module
This module supplied and controlled the current from the microcontroller chip to each display, amplified the voltage and provided a better transfer characteristic function between the microcontroller and the timer display module. This module assisted the digital display module to increase its driving capabilities.
5) Keys module
This module allowed the user to set the ON and OFF time of the load connected to the output to the developed time switching system. There were four keys to be pressed to set the desired time. The user could as well interrupt the already set time manually if desired. 
6) Activation module
The module had a relay that activated or deactivated any electrical appliance based on the pre-set time. A pulse generated by the microcontroller from its output pin (p3.7) determined if a relay was to be energized or deenergized as instructed by the programs/codes and the time settings by the user. To energize the relay,
Where R r is relay coil resistance, 300Ω or 0.3KΩ
But, 
B. Software Development
The operations of developed switching system were programmed in C language. The C codes were compiled and edited using Crimson editor and the edited codes were transferred into Small Device C Compiler (SDCC) to compile the source codes into HEX CODES needed by the chip for proper execution. The HEX codes were transferred into the memory of the microcontroller. Figure 7 shows the screenshots of the developed time switching system. 
V. TESTING AND EXPERIMENTAL RESULTS
A proper connection of the required components was made and the developed system was powered and it worked as expected. Each module was tested and the results indicated a perfect operation. The activation module was tested with a battery backup and the signal received was impressive. Electrical load was connected and a user was permitted to input a time signal to the developed system. Based on the user's pre-set ON and OFF times, the electrical load connected was activated and de-activated as instructed. Additionally, the developed switching system was tested and the experimental results of the research are shown below. Table 1 shows testing and results obtained when the developed time switching was connected to air conditioning system. However, Table 2 shows testing and results obtained when the developed time switching was connected to electrical fan to control the switching ON and OFF times as desired by the user. In comparative analysis of the findings and results, a switching time of 0.88 ms was obtained in [9] . However, this new time switching system had 0.0ms as the switching ON and OFF was instance without any delay. A value of 0.88ms might not humanly significant, but technically and economically the value is significant in electrical management. With 0.88ms, about 0.0013KW could be wasted in 1 day which is not economically good. Table 3 shows a comparison on the carrying current capacity, required voltage and active power for [10] , [12] , [15] and the newly developed time switching system. Table 3 further indicates drastically reduction in the power consumption of [10] , [12] and [15] Furthermore, an electric kettle was connected to the output of the developed switching system. A switching time of 2.07 was pre-set to automatically switch ON the kettle and 4.11 were pre-defined to switch OFF the kettle. The kettle was left on observation and findings at the desired times. The experimental results indicated that at exactly 2.07 and 4.11 of pre-set times for ON and OFF times, the power supply was regulated as desired with no electrical power wastage recorded.
VI. CONCLUSION
The core technologies of the developed system involved the application of a microcontroller to control the switching times of any electrical appliances as desired by the users. There was a power supply to the microcontroller and instructions based on the user's times set, were executed by the controller through a corresponding signals to the activation module where the electrical appliance was connected. The relay in the activation module was either activated or de-activated to switch ON or OFF of the appliance. As user pre-set or pre-defined the times for ON and OFF, the instructions were stored in the memory of the microcontroller for corresponding actions.
The research was focused on designing and implementation of a time switching system using the Atmega328 microcontroller. The circuit was designed, simulated and soldered using the identified electronic components and values. The codes were written, compiled into HEX file and transferred into the memory of the microcontroller. The developed switching system was tested and satisfactorily switched ON and OFF air conditioning as desired and pre-set by the user. With all these experimental results, it would be concluded that the objectives of this research had been achieved as the times to switch ON and OFF of electrical appliances were technically controlled and electrical power wastage was solved.
